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Appendix B
BUNKER AND SHELTER ROOF DESIGN

This appendix is used to design a standard stringer roof” that will
defeat a contact burst projectile when the materials used are not listed
in the fabld on page 3-40. For example, if a protective position uses steel
and not wood stringers, then the procedure in this appendix is used for
the roof design. The[tabld on page 3-40 was made using the design steps
in this procedure, The calculations are lengthy but basically simple.
The two example problems in this appendix were worked with a hand-
held calculator and the complete digital display is listed. This listing
enables a complete step-by-step following without the slight numerical
variation caused by rounding. In reality, rounding each result to three
significant digits will not significantly alter the outcome. The roof is
designed as follows.

STANDARD STRINGER ROOF

First, hand compute the largest half-buried trinitrotoluene (TNT)
charge that the earth-covered roof can safely withstand. Then, use the
[charge equivalency table] to find the approximate size of the super-
quick or contact burst round that this haf-buried TNT charge equals.
The roof design discussed here is for a simple stringer roof of single-ply
or laminated sheathing covered with earth (figure B-1). After deter-
mining the need for a bunker or shelter roof, the following questions
are addressed:

o What type of soil will be used for cover (soil parameters)?
e How deep will the soil cover be?

o What will the size and orientation of the stringers be and what kind
of stringers will be used (stringer characteristics)?

o What will the stringer span and spacing be?

STRINGER,

h)

STRINGER

\
SUPPORT LOG

EXCAVATION

L = SPAN OF STRINGER
h = STRINGER SPACING 0
d = DEPTH OF COVER NOTE THAT STRINGER SHEATHING

MTI—ON WILL BE AT LEAST ONE INCH THICK.

Figure B-1
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DESIGN PROCEDURE DATA
Soil Parameters

Two soil parameters are needed in the design procedure—unit weight
and transmission coefficient. Soil unit weight must be determined at
the time and place of design. Both the soil (sand, silt, for example) and
its water content affect unit weight. Soil unit weight is usually 80 to 140
pounds per cubic foot. The transmission coefficient can be taken from

Table B-1. Transmission coefficient (C) for different soil types

Soil Type C
SP Loose, clean, white mason sand 260 - 700
SP Loose, tan, pit run sand 60 - 475
SP Loose, red, pit run gravelly sand 75 - 320
SP Bagged, pit run sand 130 - 140
GP Washed gravel, rounded 120
ML Loose, sandy silt 125 - 275
ML Compacted, sandy silt 350

Stringer Characteristics
For wood stringers, the data needed in the design procedure are given
in[tables B-2 and [B-3. For steel stringers, the moment of inertia (I) and
section modulus (S) values needed in the procedure are given in
[B-4. For the modulus of elasticity (E) and maximum dynamic flexural
stress (FS) values, use E = 29 and FS = 50,000. (Additiona structural
design data is in FM 5-35))

P
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Table B-2. Moment of inertia (1) and section modulus (S)
for different timber sizes

X-X Axis Y-Y Axis
Nominal Actual
Size (inches) Size (inches) I {inches 3) S (inches 3) I {inches 9) S {inches 3)
2x4 1% x 32 5.36 3.06 0.98 1.31
2x6 1% x5z 20.80 7.56 1.55 2.06
2x8 12 x7% 47.64 13.14 2.04 2.72
2x12 1V x11% 177.98 31.64 3.16 422
4 x4 32 x 32 12.51 7.15 12.51 7.15
4 x6 3% x5V 48.53 17.65 19.65 11.23
4x8 3vax 7 111.15 30.66 25.90 14.80
6x6 b2 x b2 76.26 27.73 76.26 27.73
6x12 B x 11, 697.07 121.23 159.44 57.98
6x14 5% x 13 1,127.67 167.06 187.17 68.06
8x8 TVox T2 263.67 70.31 263.67 70.31
10x 10 9%2 x 92 678.76 142.90 678.76 142.90
Note: Axis orientation is as shown here:
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Table B-3. Modulus of elasticity (E) and maximum dynamic

Timber Species E, 106 psi FS, psi
Cedar 1.10 2,200
Douglas fir 1.76 4,000
White fir 1.21 2,200
Eastern hemlock 1.21 2,600
Western hemiock 1.54 3,200
Larch 1.76 4,600
Southern pine 1.76 6,000
Ponderosa pine 1.10 1,800
Redwood 1.32 3,400
Spruce 1.10 2,900

B-3



FM 5-103

Table B-4. Moment of inertia (1) and section modulus (S) for
different steel wide flange members

X-X Axis Y-Y Axis
Nominal
Size, in. I (inches 4) S (inches 3) I (inches 4) S (inches 3)
36 x 16Y2 14,988.4 835.5 870.9 105.7
36 x12 9,012.1 502.9 2509 41.8
33x 117, 6,699.0 404.8 201.4 35.0
30x15 7.891.5 528.2 550.1 73.4
30 x 10% 4,461.0 255.2 135.1 25.8
27 x10 3,266.7 2428 115.1 23.0
24 x 12 2,987.3 2489 2035 33.9
24 x9 2,096.4 175.4 76.5 17.0
21 x8% 1,326.8 126.4 53.1 12.9
18x 7% 8008 89.0 37.2 9.9
i6x7 446.3 56.3 221 6.3
14 x 634 289.6 41.8 17.5 5.2
12x12 5334 88.0 174.6 29.1
12 x6% 2041 341 16.6 5.1
10x 10 2729 54.6 93.0 18.6
10 x 5% 106.3 215 Q.7 34
8x8 109.7 27.4 37.0 9.2
8 x 6% 825 208 18.2 5.6
8 x5 56.4 14.1 6.7 2.6
6x6 53.5 16.8 171 5.6
4x4 11.3 5.45 3.76 1.85
Note: Axis orientation is:
Y
{ ! 1
[
|
I
X———J4}————
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Y
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%A

9B

9C

9D

9E
9F

STANDARD STRINGER ROOF PROCEDURE
(Contact Burst Rounds)

Enter the unit weight of the soil (Ib/cf) as determined on site

Enter the proposed depth of soil cover (ft)

Enter the Svalue (in %):
if wood, from|Table B-2)
if steel, from[Table B-4

Enter the stringer spacing (in)
Enter the FS value %Esi%:
if wood, from
if steel, enter 50,000
Enter the stringer span length (ft)
Multiply line 1 by line 4, enter result
Multiply line 7 by line 2, enter result
Multiply line 8 by line 6, enter result
Multiply line 9A by line 6, enter result
Divide line 9B by 8, enter result
Divide line 9C by line 3, enter result
Divide line 9D by line 5, enter result
If the line 9E result is greater than O but less than 1.0 go to line 10.
If line 9E is greater than 1.0, the roof system is overloaded. Then do
at least one of the following and recompute from line 1:
a. Decrease stringer spacing.
b. Decrease span length.

¢. Use a material with a higher “S” or “FS’ vaue.
d. Decrease soil cover.

FM 5-103
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Line

10

11

12A

12B

12C

12D

13

14A

148

S
O

14E

B-6

Enter side A of [Figure B-2{with the line 9E value, find the

side B value, and enter result:

if wood, use p = 1 curve (
if steel, use u= 10 curve

SIDE B (LINE 10 VALUE)

\

EXAMPLE: WOOD STRINGERS; LINE 9E VALUE =08 ENTER
THE GRAPH ON SIDE A, DRAW A LINE VERT{-
CALLY TO INTERSECT THE = 1 CURVE, THEN
DRAW A LINE HORIZONTALLY TO SIDE B TO
FIND THE VALUE FOR LINE 10t0.2)

STEEL STRINGERS
u=10

WOOD STRINGERS
w=1

02 o3 04 05 06 07 08 0.9 1.0

SIDE A [ENTER HERE WITH LINE 9E VALUE}

Enter the E value {108 psi):
if wood, from([Table B-3
if steel, enter 29

Enter the | value (in *):

if wood, from|TabIe B-2
if steel, from[Table B-4 |

Multiply line 9A by 0.08333, enter result

Multiply line 12B by 0.64, enter result
Divide line 12C by line 9E, enter result
Multiply line 9A by 0.0001078, enter result
Muitiply line 12A by line 11, enter resuit
Multiply line 6 by line 6, enter result
Muitiply iine 14B by iine B, enter resuit
Divide line 14A by line 14C, enter resuit

Multiply line 14D by 28,472.22, enter result

Figure B-2
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Ii'l5ne Divide line 14E by line 13, enter result

16 Take the sguare root of line 15, enter result
17 Divide line 12D by line 16, enter result

18 Multiply line 10 by line 17, enter result

19 Divide line 2 by line 6, enter result

20 Multiply line 19 by line 19, enter result
21A Take the sguare root of line 19, enter result
21B Multiply line 21A by line 20, enter result
22 Divide 0.6666667 by line 21B, enter result
23A Multiply line 20 by 4, enter result

23B Add 1 to line 23A, enter result

24 Divide 4 by line 23B, enter result

25A Take the sgquare root of line 24, enter result

25B Take the sguare root of line 25A, enter result

25C Multiply line 25B by line 24, enter result

26 Add line 25C to line 22, enter result

27 Choose a C value from [Table B-1, enter result

28A Multiply 61.32 by line 18, enter result

28B Take the sguare root of line 14C, enter result

28C Multiply line 28A by line 28B, enter result

28D Multiply line 27 by line 4, enter result

28E Multiply line 28D by line 26, enter result

28F Divide line 28C by line 28E, enter result

29 Raise line 28F to the 0.8571 power (or use the graph in|Figure B-3),
enter result

B-7
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Solution

The value on line 29 isthe largest half-buried TNT charge (Ib) that the roof can withstand. Enter[Table]
with this vaiue to find the round having an equivalent charge weight equal to or less than the
value on line 26.
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Table B-5. Charge Equivalency Table

Round Half- Buried TNT
Nomenclature Charge Weight (pounds)
US Gun and Howitzer Cannons

75-mm gun cannon 15
76-mm gun cannon 20
90-mm gun cannon 3.2
120-mm gun cannon 10.6
175-mm gun cannon 42.2
105-mm howitzer cannon 7.7
155-mm howitzer cannon 15.34

8-inch howitzer cannon 37.1

US Mortars
81-mm 2.9
4.2-inch 8.1
Soviet

57-mm frag 0.5
57-mm frag-T 0.4
76-mm HE 18
76-mm frag 11
82-mm frag 1.0
85-mm frag 1.7
100-mm HE 4.8
107-mm frag-HE 54
120-mm HE 8.6
122-mm HE 10.7
130-mm frag-HE* 10.2
140-mm frag-HE 8.1
152-mm frag-HE 143
160-mm HE 16,3

People' s Republic of China

57-mm HE 0.5
60-mm HE** 4.6
70-mm HE 1.6
75-mm HE 2.2
81-mm HE 13
82-mm frag 11
102-mm HE 2.8

* Content of some rounds unknown.

** High capacity.
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Round

Nomenclature

105-mm HE
107-mm
120-mm HE

Czechodovakian
Czechodovakian
Czechodovakian
Czechodovakian
Czechodovakian
North Korean
Polish

Y ugoslavian

Y ugoslavian

Y ugoslavian
Finnish

French

French

French

Isradli

Isradli

[taian

***Heavy

B-10

82-mm frag
85-mm frag
100-mm HE
120-mm HE
130-mm HE
82-mm frag

122-mm frag

76-mm HE
82-mm HE
120-mm HE
160-mm HE

105-mm HEP
120-mm HE***

155-mm HE
81-mm HE
88-mm HE
81-mm HE

Table B-5. (continued)

People' s Republic of China
(Continued)

Others

Half-Buried TNT
Charge Weight, Ib

5.3
3.0
6.3

13
17
3.5
4.5
5.2
12
7.4
16
11
6.9
9.3
7.1
9.7
17.5
4.9
19
4.9
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EXAMPLES USING THE DESIGN PROCEDURE

WOOD STRINGER ROOF
Problem

The 2-76th Infantry is about to relieve another battalion from defensive

positions as shown in [figure B-4. The 1st Platoon of the A/52d
Engineers is supporting the 2-76th. As its platoon leader, you have

been asked to find how much protection such positions give against
the contact burst of an HE round.

You first estimate that the 16-inch-deep soil cover (sand) weighs 100
Ib/cf. You then note that the roof is made of 4 by 4 stringers, laid
side-by-side over a span of 88.75 inches.

Wood Stringer Roof Procedure

Line
1 The soil unit weight (Ib/cf) is 100
2 The depth of soil cover (ft) is 16in+12in
"1.33

3 From[Table B-4, the S value (in’) for 4 x 4sis 7.15
4 Since the 4 x 4s are laid side by side, the stringer spacing (in) is equal

to their actual width or 3.5 in 35
5 From the FS value (psi) for Southern Pineis 6,000
6 The stringer span length (ft) is 88.75:i7n +412 in
7 Linel xline4=100x 3.5 = 350
8 Line7 x line2= 350 x 1.33 = 465.5
%A Line8 x line 6 =465.5x 7.4= 3,444.7
9B Line9A xline6=3,444.7x 7.4 = 25,490.78
9C Line9B + 8 =25,490.78 - 8 = 3,186.35
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19

20

Line 9C: line3=3,186.35: 7.15 =
Line 9D : line 5 = 445.64 : 6,000 =

Line 9E value 0.0743 is g

proceed to line 10.

From[Figure B-2|using the u = 1 curve, the iine 10 vaiue is {see

example in Figure B-5)

From|Table B-3| the E value (10° psi) for Southern Pine is

From|Table B- 4dsis

e & [= PEES R T VG

..
5
>
5
@
3
.-
-
o
)
IS
>

Line 9A x 0.08333 = 3,444.7 x 0.08333 =

Line 12B x0.64 = 287.05 x 0.64 =

Line 12C: line 9E = 183.71: 0.0743 =

Line 9A x 0.0001078 = 3,444.7 x 0.0001078 =
Line 12A xline 11=1251x1.76=
Line6xline6=74x7.4=

Line 14B x line 6 =54.76 x 7.4 =

Line 14A: line 14C=22.0176 : 405.22 =

Line 14D x 28,472.22 = 0.05433 x 28,472.22 =
Line 14E: line 13=1,547.02: 0371 =

The square root of line 15 :\]Zﬁ.'s? =

Line 12D : line 16=2,472.6 : 64.57 =

Line 10 x line 17=38.29x0.93 =

Line2:1line6=133:74-=

445.64

0.0743

0.93

-
!‘Q
[8)]
-—

287.05

183.71

2,472.6

0.371

220178
LL00 /0

54.76

405.22

0.05433

1,5647.02
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28F

29

The square root of line 193 IO 1797 =

'_

e20x4=0.0323x4=

1 +line 23A=1+0.1292=

4:1line23B=4:1.1292=

The square root of line 24 = |3.5423 =

o e
The square root of line 25A =\‘] 8841 =

Line 268 x line 24 =
Line 26C + line 22 =4.86 + 48.69 =

From|Table B-1|, the C value chosen for bagged pit run sand is
61.32 x line 18=61.32 x 35.61 =

The square root of line 14C =\Flﬁ=

Line 28A x line 28B=2,183.61 x 20.13 =

Line 27 x line4=140x 3.5 =

Line 28D x line 26 =490 x 63.65 =

Line 28C: Line 28E = 43,955.97 : 26,239.56 =

Enter [Figure B-3 with the line 28F value (1.68) and read the TNT

charge weights (Ib) (see example in|Figure B-2)

Or, as an alternate method, raise 1.68 to the 0.8571 power.

Solution

0.4239

1.8821

53.55

140

2,183.61

20.13

i
w
[{v]
&3]
(S
w
~I

=
w
o

26,2395

1.675

1.56

Thus, the largest TNT charge that the roof can withstand is 1.56 pounds. Entering[Table B-5|with this
value, you find that the roof wili withstand a contact burst expiosion of up to an 82-mm frag round

Ianmly 1 n
(oY .

B-14

sound charge size) excluding the 76-mm HE round (1.8-pound charge site).
VTP Y i ° ] Ty



Line

N

~J

9A

9B

9C

STEEL STRINGER ROOF
Problem

The 2-76th Infantry will occupy the positions described in the first
example for an extended period of time. Thus, the battalion commander
has ordered the 1st Platoon of the A/52d Engineers to construct a
tactical operations center. This structure must have at least 10 by 12
feet of floor space and be capable of defeating a contact burst of a
Soviet 152-mm round. The S2 of the A/52d Engineers reports that 13
undamaged 8-inch by 6 Y~-inch wide flange beams have been found.
They are long enough to span 10 feet and can be salvaged from the
remains of a nearby demolished railroad bridge.

As platoon leader, you are to design a roof for the tactical operations
center using these beams as stringers. You plan to place five of the
stringers on 36-inch centers and cover them with a 4 by 4 wood deck.
You use the same bagged sand as described in the first example. You
begin your design by assuming that the soil cover will be 3 feet deep.

Sted Stringer Roof Procedure

FM 5-103

The soil unit weight {lb/cf) is 100
The assumed depth of soil cover (ft) is 3
From, the S value (in®) for the 8 x 6'2 steel is 208
The stringer spacing (in) is 36
For steel stringers, the FS value (psi) is 50,000
The stringer span length (ft) is 10
Line 1 xline4=100x 36 = 3,600
Line 7 x line 2=3,600x 3 = 10,800
Line 8 xline 6= 10,800 x 10 = 108,000
Line 9A x line 6= 108,000 x 10 = 1,080,000
Line 9B : 8 =1,080,000: 8 = 135,000

B-15
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Line

3D Line 8C: line 3=135,000: 20.8 =

9E Line 9D : line 5 = 6,490.38 : 50,000 =

9F Line 9E value 0.1298 is greater than O and less than 1.0, therefore
proceed to line 10.

10 From|Eigure B-2|using the ¢ = 10 curve, the line 10 value is (see
example in|Figure B-1)

11 For steel stringers, the E value (10° psi) is

12A From|Table B-4, the | value (in?) for the 8 x 612 inch steel is

12n Line 9A x 0.08333 = 108,000 x 0.08333 =
12C Line 12B x 0.640 = 8,999.64 x 0.64 =

12D Line 12C: line 9E=5,759.77: 0.1298 =
13 Line 9A x 0.0001078 = 108,000 x 0.0001078 =
14A Line 12A xline 11 =82.5x29=

148 Line6 xline6=10x10=

14C Line 14B xline 6 =100x 10 =

14D Line 14A: line 14C=2,392.5: 1,000 =
14E Line 14D x 28,472.22 = 2.39 x 28,472.22 =
15 Line 14E: line 13 =68,048.61: 11.64 =
16 The square root of line 15:\/5,876.1_0_:
17 Line 12D : line 16 =44,374.19: 76.46 =
18 Line 10 x line 17 = 4.05 x 580.36 =

19 Line2:line6=3:10=

20 Line 19 xline 19=0.3x0.3 =

21A The square root of line 19={0.3 =

B-16

6.490.38

0.1298

4.05

29

025

8,999.64

5,769.77

44,374.19

11.64

2,102.5

100

1,000

2.39

68,048.61

5,846.10

76.56

580.36

2,350.46

0.3

0.09

0.5477
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lii?g Line 21A x line 20=0.5477 x 0.09 = 0.0493
22 0.6666667 : line 21B=0.6666667 : 0.0493 = 13.52
23A Line 20x4=.09x4 = 0.36
23B 1+line23A=1+0.36= 1.36
24 4:iine 23B=4:1.36= 2.94
25A The square root of line 24 -—\/'2'.9—4: 1.71
258 The square root of line 25A :\Iﬁ = 1.31
25C Line 25B x line 24 =1.31 x 2.94 3.85
26 Line 25C +line 22=3.85+13.562 = 17.37
27 From|Table B-1), the C value chosen for the bagged pit run sand is 140
28A 61.32 xline 18 =61.32 x 2,350.46 = 144,130.21
28B The square root of line 14C = W= 31.62
28C Line 28A x line 28B =144,130.21 x 31.62 = 4,557,397.24
28D Line 27 xline4=140x 36 = 5,040
28E Line 28D x line 26 = 5,040 x 17.37 = 87.544.80
28F Line 28C: Line 28E=4,557,357.24: 87,544.80 = 52.06

29 Enter |Figure B-3|with the line 28F value (52.06) and read the TNT
charge weight (Ib) (see example in|Figure B-2) 296

Or, as an aiternate method, raise 52.06 to the 0.8571 power.

Solution

Thus, the largest TNT charge that the stringers can withstand is 29.6 |b. You next use the procedure
againinamanner similar tothatin example 1 to evaluate the 4 x4 wood deck. Youfind a line 29 vaiue
of 29.64. Enter[Table B-5lwith the largest of these values{29.6), you find that the roof will withstand a
contact burst explosion of uptoa 160-mm HE round{only 16.3-pound charge size). Thus, theroof you
have designed will be capable of defeating a contact burst of a Soviet 152-mm round.
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